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Executive Summary 
The buildup of lactic acid is a result of anaerobic respiration that often accompanies 
intense workouts.  This type of cellular respiration occurs when there is not enough oxygen 
available.  Cellular respiration is the process of converting energy stored in food into usable 
energy for the body.  When oxygen is plentiful, cellular respiration begins the breakdown of 
glucose with glycolysis.  This step is then followed by the citric acid cycle, electron transport, 
and chemiosmosis to produce ATP, which is the form of energy the body is able to use.  When 
oxygen levels are low, the last steps of anaerobic respiration are not possible because they 
require oxygen to occur.  Thus, anaerobic respiration results when there is no oxygen.  This 
process again begins with glycolysis but is followed by fermentation where lactic acid is 
produced as a side product.  It has been shown that this buildup of lactic acid can cause damage 
to the muscle cells resulting in the initiation of the inflammatory repair response which is why 
soreness and stiffness is experienced during the days following intense muscle strain.   
The wearable technology industry has been growing at an extremely fast rate as more and 
more companies join the trend to create watches and sensors.  The wearable sensor market had 
an evaluation of $773.1 million in 2018 and is projected to reach $1,654.0 million by 2022.1  
These pieces of technology are not only intriguing to the commercial wearer, but also provide 
key pieces of information regarding health parameters that have been extremely helpful to 
athletes, such as runners, to monitor and improve their training.  With wearable technology on 
the rise and a growing interest in monitoring one’s own health parameters, the creation of a 
sensor able to monitor lactic acid buildup is both desirable and on trend.  Being able to gauge the 
amount of lactic acid buildup that results from different workouts would not only be interesting 
 
1 (Long & Smerbeck, 2020) 
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for commercial sale but would be critical to professional athletes to enhance and customize their 
training.  While there are many watches and sensors currently on the market targeting athletes 
and advertising workout health reports, none of these have the capability to monitor and record 
lactic acid buildup.   
To produce this sensor, nylon was functionalized with carbon nanotubes and lactate 
oxidase.  These sensors are made to be incorporated into fabric such that they are comfortable 
and easy to wear during a workout.  To start production, nylon dissolved in formic acid/acetic 
acid solution, then electrospun into 4in wide mats with a coat weight of 20 g/m2.  From this mat, 
47mm diameter membranes were made and vacuum filtered with 250mL of 2g/L carbon 
nanotubes in 2% Triton-X 100 solution.  This membrane was cut into a smaller, 11mm diameter 
membrane to be used with a three-electrode electropolymerization setup.  The electrodes used 
were a glassy carbon working electrode, Ag/AgCl reference electrode, and graphite rod counter 
electrode.  The electrodes were then placed in a solution of 2mg carbon nanotubes, 20mL DI 
water, 1g pyrrole, and lactate oxidase.  This setup was then used for cyclic voltammetry, running 
between -0.8V to 0.8V for 88 cycles.  This cyclic voltammetry was used to polymerize the 
pyrrole, forming a matrix of polypyrrole bound to the carbon nanotubes on the nylon. This layer 
also binds with the lactate oxidase, functionalizing the sensor to respond to changes in lactic acid 
concentration. After electropolymerization was complete, the sensor was then tested in lactic 
acid solutions, ranging between 10mM and 100mM concentrations.  These tests were completed 
by submerging the electrodes in solution and running one cycle of cyclic voltammetry, leaving 
the rest of the parameters the same as the original voltammetry.   
The results of the lactic acid solution tests were to find a calibration curve for the sensor 
based on lactic acid concentration compared to current through the sensor.  This calibration 
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curve should have a strong positive linear relationship.  By analyzing the data collected from 
each sensor made, the final sensor preparation uses carbon nanotubes functionalized with 
carboxylic acid, MWCNT-COOH, while the amount of lactate oxidase is 100IU.  From the 
sensors that showed strong positive linear trends for the calibration curves, the average slope of 
the calibration curves is 21µA/M. 
This project helped to develop and refine the procedure for making the lactic acid sensor.  
Prior to this project, the lactate sensors developed were inconsistent.  Through procedure 
refinement, a more consistent sensor was able to be obtained.  While this project was successful, 
there are further steps that need to be taken to prepare this sensor for commercialization.  To 
determine how long each sensor measures lactic acid concentration accurately and thus how long 
each sensor should be used, further repeatability testing will need to be conducted.  Additionally, 
to better advance this sensor, the amount of carbon used to vacuum filter could be optimized.  
Some further testing that would be needed would be tensile testing to determine the durability of 
the sensor and body testing to test the sensor on a human body during physical exertion.   
Ultimately, this project mimicked a real-world R&D process.  It posed the trials and 
tribulations that are common in the research industry and thus helped to lay important 
groundwork that can be drawn on throughout a career in chemical engineering.  Additionally, 
this project allowed for a more in depth understanding on electrochemistry which is not 
emphasized specifically in the chemical engineering curriculum.  Having this additional 
electrochemical knowledge resulted in a more complete understanding of the chemistry studies 
that is the critical background needed for a successful chemical engineering career.   
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Introduction  
The buildup of lactic acid is something that most people have probably experienced 
during physical exertion.  This buildup of lactic acid and other metabolites can be identified by 
the feeling of soreness in the muscles during both intense and light exercise depending on fitness 
level.  This pain is a mechanism used by the body to prevent overexertion.2  For both lightly 
active people and professional athletes, muscle soreness can be not only uncomfortable but can 
also prevent top performance for a few days following intense exertion. Additionally, many 
athletes use lactate-threshold workouts as a way to improve distance running.3  Thus, finding a 
way to monitor and measure muscle strain and lactate buildup during exertion can help to 
customize a workout to prevent pain and loss of motion following exertion, but can also be used 
in the training process to improve athletic performance.   
The human body uses cellular respiration to produce energy.  Cellular respiration can 
produce energy both anaerobically and aerobically.  Aerobic respiration uses oxygen to produce 
the required energy and is considered to be the preferred respiration method when possible.  
Thus, anaerobic respiration is used when the body requires energy faster than oxygen can be 
delivered.  The first step in either cellular respiration process is glycolysis.  This process breaks 
down glucose transforming it into pyruvate while also resulting in a net production of two ATP 
(adenosine triphosphate) molecules.  ATP molecules physically supply energy to the body due to 
the high energy storage within their bonds.  More specifically, the body breaks down glucose 
utilizing two ATP molecules which form two molecules of glyceraldehyde 3-phosphate.  Each of 
these molecules are then converted to pyruvate through a series of steps that produces one 
 
2
 (Roth, 2006) 
3 (Karp, n.d.) 
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molecule of NADH (nicotinamide adenine dinucleotide) through the hydration an NAD+ 
molecule and two molecules of ATP, thus resulting in a net of two ATP molecules.4 
Following glycolysis, if oxygen is present, the pyruvate will continue through aerobic 
respiration beginning with the formation of acetyl coenzyme A.  This process additionally 
produces CO2, to be exhaled, and NADH, to be used later in the process.  Acetyl coenzyme A 
then enters the citric acid cycle producing more CO2 and ATP, as well as energy in the form of 
NADH and FADH2 to be used in the following process known as the electron transport chain 
which produces the majority of aerobic energy as well as H2O which is removed through 
exhalation.4 
When oxygen is limited however, following glycolysis pyruvate enters fermentation 
where it is broken down into lactate (lactic acid) using the energy stored in NADH molecules 
converting them back to NAD+ which are recycled to be used in glycolysis again to produce 
more pyruvate.  Due to this cyclic process, low amounts of energy are able to be produced 
without oxygen.  However, this does result in a buildup of lactic acid within the body.4 
High levels of lactic acid increase the acidity of muscle cells.  This increase in acidity is 
not conducive for anaerobic respiration.  This ensures that the pH does not change too 
dramatically which helps to prevent damage to the body.  Anaerobic respiration is used during 
short bursts of intense activity.  Once oxygen is present again, the lactic acid can be converted 
back to pyruvate which can then be used in aerobic respiration.     
 One popular misconception regarding lactic acid build up is that the lactic acid 
remains within the muscle causing soreness for several days.  However, the lactic acid produced 
during a workout does not remain in the muscle.  Rather it is chemically modified and used up 
 
4
 (Cellular Respiration, 2019) 
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by the body.  Thus, the delayed-onset muscle soreness (DOMS) has not been found to be caused 
by the presence of lactic acid.  DOMS can be characterized as muscle tenderness and soreness 
that can result in loss of strength or motion range 24-72 hours after intense exercise. 
 Research has been conducted regarding the cause of DOMS which has found that 
the pain is most likely caused from muscle cell damage and elevated levels of various 
metabolites.  Thus, the body responds by activating the inflammatory-repair response which can 
cause swelling and soreness.  Thus, by monitoring the level of lactic acid build up during 
activity, a workout could then be customized to ensure levels do not get too high to prevent cell 
damage.2 
Background 
Roosense LLC, is a startup company founded by the University of Akron’s Dr. Monty-
Bromer.  This company is focused on the development of wearable e-textiles for monitoring 
various health parameters to better customize athlete's workouts.  Their first and most developed 
sensor is a hydration sensor that measures the sodium ions in sweat.  This allows athletes to 
better understand their hydration levels so they can customize a hydration plan to aid their 
athletic performance.    
Developing a lactic acid sensor is one of the recent projects that the company has been 
working on to better allow athletes to customize their workouts.  This sensor has been the topic 
of a couple other theses/senior projects.  This honors project aims to expand the work previously 
performed on this sensor.   The work done previously on this e-textile sensor, was mainly 
developmental work.  The initial procedures designed to create the sensor were used as a 
guideline to help with the construction and optimization of the sensors for this project.   
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“Development of an Electrochemical Biosensor for Lactate Concentration Determination 
in Sweat” was a thesis published in 2016 by Mysha Sumaiya Sarwar for the completion of her 
Master of Science Degree.5  This Honors Project is a direct extension of this work.  In Sarwar’s 
thesis, she outlines the mechanical and electrical properties associated with the nylon-based 
sensor used.  She goes into detail regarding the development process of the sensor and discusses 
the experimentation and testing that was performed.  With the conclusion of her thesis study, 
there was only an estimated 20% yield of functional sensors.  This project was thus designed to 
build upon this procedure to optimize the sensor making process to ensure working sensors that 
better transmitted accurate readings and data. 
Market and Economic Analysis 
Wearable technology has become extremely popular in not only the commercial sector 
but also amongst athletes.  Wearable technology can be defined as an electronic device that can 
be worn on a user’s body.  These devices can range from watches to clothing to glasses that 
utilize sensors to provide various data regarding health parameters being monitored.  These 
devices combine electronics, sensors, and software.1  Some of the parameters that are commonly 
monitored on commercial wearable devices include heart rate and calories burned.  The sensors 
in development at Roosense, aim to monitor more unique and complicated parameters such as 
hydration level and lactic acid build up.   
The wearable sensor market evaluation was estimated to reach around $773.1 million in 
2018 and it has been projected to increase to $1,654.0 million by 2022.  This increase can be 
attributed to the advancement of sensors that are smaller, smarter and less expensive to 
 
5
 (Sarwar, 2016) 
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manufacture.   Additionally, the bodywear market, which includes wearable sensors, is estimated 
to be the fastest growing market with an evaluation of $356.5 million attributed to the growing 
popularity amongst youth, athletes, and those looking to monitor their own health parameters.1  
RooSense’s sensors specifically fall into the category of “fibertronics” which can be 
defined as electronics and computational functionality integrated into textile fabrics.  Their 
sensors are meant to be embedded into fabrics that will relay monitored fitness metrics to a 
transmitter and metrics will be displayed via a smartphone app.1   
Additionally, the Wearable Sensor Market can be broken down into categories based on 
type of usage.  These categories include consumer goods, healthcare, industrial, as well as other 
uses such as military purposes.1 The parameters that RooSense has worked towards developing 
target athletes and are intended to benefit their health and workout regime.  Thus, the Wearable 
Sensor Industry is one that is worthwhile to invest money, time, and research into due to its 
already high demand and growing market value.   
Experimental Methods 
 To start creation of the lactate sensors, nylon first had to be made into mats.  These mats 
were created by electrospinning specific weight percent of nylon from a 1:1 solution of formic 
acid and acetic acid.  This solution was then electrospun at a rate of 1mL/min for approximately 
5 hours on a 4.5in wide, 10in diameter rotating drum.  This resulted in a target coat weight for 
each mat of 20g/m2, with the needle setup shown in Figure 1.  The coat weight is the measure of 
mass per surface area.  This measurement is in direct correlation to the density of nylon on the 
created mat, which effects the loading capacity of pyrrole and lactate oxidase on the nylon.  This 
then also will change the sensitivity of the sensor in response to lactic acid concentration. 
11 
 
 
Figure 1 depicts the electrospinning machine and needle used to make the nylon mats.  The left shows the 
syringe pump on the exterior of the containment.  The right shows the needle and drum where the nylon 
mat is formed.  
After electrospinning, the nylon mat was cut into 47mm diameter circles.  Then, 2 grams 
of MWCNT-COOH were dispersed in 1 L of 0.2% TX-100 solution via sonication for 1 hour.  
The nylon circle was placed on the vacuum filtration system and wet with DI water, and the 
vacuum pump was set to 17kPa.  As it is shown in Figure 2, after a vacuum was created, 250mL 
of solution were vacuum filtered through the nylon.  After filtration, the membrane was rinsed 
with around 25mL of DI water.  The nylon membrane was then left to dry overnight while 
covered in parafilm to hold a flattened shape. 
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Figure 2 shows the vacuum filtration setup and process. 
To make the sensors functionalized to detect lactic acid, they had to be created with the 
use of a lactate oxidase (LOx) solution, which was lactate oxidase dissolved in a buffer solution.  
To make the 7pH phosphate buffer solution (PBS), 0.2g of NaOH and 0.6805g of KH2PO4 were 
dissolved in separate 50mL amounts of DI water.  Once these solutions were created, 29.1mL of 
NaOH solution was combined with 50mL of KH2PO4 solution.  After the PBS was mixed, 
500μL of PBS were added to 1000IU of LOx and mixed.  This new solution was then separated 
into 10 vials of 50μL solution, which therefore contained 100IU LOx each. 
Before starting electropolymerization, the working electrode also had to be prepared.  For 
preparation, the nylon membrane had to be further cut down to approximately 1cm in diameter, 
then it was adhered to the glassy carbon working electrode with carbon paste and left to dry 
overnight to fully adhere to the electrode. 
The electropolymerization solution could then be created using 2mg of MWCNT-COOH 
which was dispersed in 20ml DI water via sonication for 1hour.  After dispersion, 1g of pyrrole 
and 50μL of 100IU LOx solution were added.  This solution was then stirred for 10minutes to 
allow mixing of the LOx and pyrrole into the solution. 
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The Gamry machine (Model CHI600D Electrochemical Analyzer, Interface 1000 Gamry 
Potentiostat) was then set up for a 3-electrode system and set for cyclic voltammetry.  The 
electrodes were then placed into the electropolymerization solution and continuously stirred 
while run through 88 cycles of a potential sweep from -0.8V to +0.8V and a scan rate of 50mV/s, 
with all of the specific settings shown in Figure 3. 
 
Figure 3 is a screenshot of the popup used for entering parameters for cyclic voltammetry. 
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After the 88 cycles were complete, the electrodes were then immediately placed in a 
20mM lactate acid solution and let sit for 6 minutes.  The system was then put through a singular 
cycle of the cyclic voltammetry with the same settings as the electropolymerization.  This step 
was repeated in solutions up to 70mM concentration in 10mM intervals.  To test the sensitivity 
of the sensor, the current through the sensor was measured in response to the voltage of the 
cyclic voltammetry.   
This process was then repeated for various concentrations.  Based on Mysha Sumaiya 
Sarwar’s work, peak response to lactic acid concentration is the initial pass of 0.4V in the cyclic 
voltammetry cycle.5  The data was therefore collected and the recorded currents at 0.4V were 
compared between each concentration.  After testing, the sensor was dried and placed in the 
freezer. 
To find the optimal sensor preparation, coat weight of nylon, weight% of nylon in 
solution, amount of lactate oxidase, and types of carbon nanotubes were varied, as shown in 
Table 1.  Due to the changing sensitivities, the concentrations of lactic acid solutions were also 
changed slightly throughout the experiments as well, ranging between 10mM and 100mM, but 
always staying in 10mM increments. 
Data & Results 
 The overall data collected was the changing of current passing through the sensor with 
respect to the voltage during the cyclic voltammetry.  The direct results from the cyclic 
voltammetry can be found in Appendix A: Raw Data.  The main data being compared, however, 
is exclusively the responses of the sensors at 0.4V from the cyclic voltammetry.  To analyze this 
data, the cyclic voltammetry raw data, an example shown in Figure 4. 
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Figure 4 gives an example of the raw cyclic voltammetry data, specifically from the 03/05/2020 sensor at 
varying lactic acid concentrations. 
  From this data, the points at 0.4V are separated from the rest of the data and plotted 
current vs. lactic acid concentration, as then seen in Figure 5. 
 
Figure 5 continues the example of how to analyze the raw data exclusively at 0.4V 
From the data shown Figure 5, the slope of the calibration curve and R2 value are used to 
determine if the sensor is within an acceptable range of actual use.  To be considered 
“acceptable”, a sensor should have a relatively strong linear relationship, with an R2 value of 0.8 
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or greater.  With this, the slope should also have a high, positive slope, showing strong changes 
with differing lactic acid concentrations.  
Organized by sensor, the current data at each concentration was analyzed to compare 
performance and sensitivity of each sensor.  The nomenclature of sample labeling was based 
around the date the sensor was electropolymerized, denoted by the “mm/dd/yyyy” format. 
 There were 10 sensors created during this experiment, with each one having slightly 
different preparations, adjusting primarily the parameters in Table 1.  These parameters give 
enough variation in LOx loading on the sensor, and therefore altering the sensitivity to the lactic 
acid solutions. 
Table 1 Shows list of parameters that were changed with each sensor, along with slope of calibration 
curve and R2 value generated from data. 
   
The first sensor created, 13/12/2019, shown in Figure 6 was only tested at 10mM and 
50mM concentrations.   
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Figure 6 shows the lactic acid solution data and calibration curve from the 12/13/2019 sensor. 
This sensor was used more as a general baseline for both creation and testing methods.  
Because it was the test sensor, the data collected is not enough to delineate any significant trends 
and is therefore irrelevant.   
After the initial test sensor was created, reproducibility tests were then started.  The next 
sensor created, 12/17/2019, all the parameters were kept the same as those of the initial sensor.  
The only difference between this sensor and the initial sensor was that the steps were executed 
more rapidly, with only the required time between each step, not multiple days to acquire proper 
equipment or learn new procedures.  Because the sensor was made with more structured steps, 
there were also more concentrations tested, shown in Figure 7. 
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Figure 7 shows the lactic acid solution data and calibration curve from the 12/17/2019 sensor.  
Once the tests for this sensor was completed, the next one, 12/19/2019, was created.  This 
sensor was created in most of the same ways as the previous sensor, with one main change, 
which was the functionalization of the carbon nanotubes used during electropolymerization.  The 
new carbon nanotubes used were functionalized with carboxylic acid, becoming CNTCOOH.  
This would then allow more lactate oxidase to bind with the polymerized layer formed on the 
sensor, becoming more sensitive to changes in lactic acid concentration, with the results shown 
in Figure 8.   
 
Figure 8 shows the lactic acid solution data and calibration curve from the 12/19/2019 sensor. 
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The following sensor, 1/6/2020, was created and tested also using the CNTCOOH for the 
electropolymerization step due to more functionalization with the LOx.  Because there was 
minimal change between 10mM and 20mM, the 10mM data point was not used when analyzing 
the calibration curve created, shown in Figure 9. 
 
Figure 9 shows the lactic acid solution data and calibration curve from the 1/6/2020 sensor. 
Once these initial sensors were created, the nylon mat used was changed to a newly 
created one, with a 14wt% solution of nylon, which was shown in previous studies to create 
more sensitive lactic acid sensors.  This new sensor, 1/16/2020, was created and tested, shown in 
Figure 10. 
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Figure 10 shows the lactic acid solution data and calibration curve from the 1/16/2020 sensor. 
After the 1/16/2020 sensor was created and tested, the data was analyzed, and the amount 
of LOx was then changed for sensor 1/22/2020.  This sensor instead had 200IU of lactate 
oxidase, double the amount 1/16/2020 used, with the data shown in Figure 11.   
 
Figure 11 shows the lactic acid solution data and calibration curve from the 1/22/2020 sensor. 
After analyzing the data from the 1/22/2020 sensor, the same exact parameters were 
repeated to see more linear results could potentially be found, if there may have been an unseen 
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issue during preparation, with this repeat sensor being created on 1/30/2020, with the data in 
Figure 12. 
 
Figure 12 shows the lactic acid solution data and calibration curve from the 1/30/2020 sensor. 
Due to the results of the sensors with 200IU lactate oxidase, the amount was then set to 
100IU for the remaining of the sensors created.  The next sensor created, 2/18/2020, used the 
same parameters as the 1/16/2020 sensor, as seen in Figure 13. 
 
Figure 13 shows the lactic acid solution data and calibration curve from the 2/18/2020 sensor. 
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For 2/18/2020, the data collected at 70mM had a steep decline, and therefore was not 
used to generate the calibration curve while analyzing the data. 
The following sensor, 2/26/2020, was created with nearly identical parameters as 
2/18/2020, with the only small difference being the coat weight was decreased due to 
fluctuations in coat weight from a singular nylon mat, as the data shown in Figure 14. 
 
Figure 14 shows the lactic acid solution data and calibration curve from the 2/26/2020 sensor. 
After the 2/26/2020 data was analyzed, the same parameters were used for the 3/5/2020 
sensor to determine if these specific parameters can generate a functional sensor, with the final 
data in Figure 15. 
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Figure 15 shows the lactic acid solution data and calibration curve from the 3/5/2020 sensor. 
 
 
Discussion/Analysis 
 The data collected, comparing current through sensor to potential, creates a calibration 
curve of lactic acid concentration against current.  These curves show ranges of concentration the 
sensors can be used in, from approximately 20mM to 70mM concentration solutions.  They also 
showed, more importantly, how linear each sensor’s sensitivity was with respect to current 
measured through the sensor.  The optimal calibration curve is a strong positive linear 
relationship.  For sensors that did not show strong positive linearity, 12/17/2019, 12/19/2019, 
1/30/2020, 2/26/2020, these curves would not make optimal sensors, leading to too much 
uncertainty if used in on-body testing.  The sensors 1/6/2020, 1/16/2020, 1/22/2020, 2/18/2020, 
and 3/5/2020 all showed relatively strong positive relationships for the calibration curves, with 
an average slope of 21µ 
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An ANOVA analysis was used to analyze the results to see if there was a significant 
difference in the performance of the sensor given the various changes that were made.  The 
results of this test can be found in Appendix B along with a table summarizing the groups used in 
the analysis.  As can be seen from the empty spaces in the table, more data would need to be 
collected to confirm the results of this test.  Additionally, more variation groups, such as amount 
of carbon used in filtration, could be added to further analyze how changes impact sensor 
performance.  An ANOVA analysis is used to determine if there is a significant difference 
between the means of more than two groups of data.  The groups of data are based on changes 
made to different variables to see if the groups will differ in the average of the variable in 
question.  The averages being analyzed here are the slope values of the calibration curves.  This 
is the variable of interest because a properly working sensor is expected to perform in such a way 
that results in a linear calibration curve.  Thus, each group’s average calibration curve’s slope 
was compared using ANOVA to see if there was a significant difference in the slope values 
based on the changes made to the groups.  The groups that were defined were based on the 
variables that were changed during this project which included variations in coat weight, 
variations in the percent nylon, and variations in the LOxIU amount used.  Thus, the defined 
groups for the ANOVA analysis included: 20% nylon, 14% nylon, 20 CW, 22 CW, 100 LOxIU, 
200 LOxIU.  After running the ANOVA statistical analysis, a p-value of 0.7704 resulted, which 
is greater than 0.05, the chosen α value.  This indicated that there was no significant difference in 
the average slope values between any of the groups, indicating that the procedure developed 
throughout this project for making lactate sensors was robust and resulted in working sensors 
even through variable changes.   
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 This project was very successful in perfecting the production of the nylon based lactic 
acid sensor.  The sensors that resulted from this study were able to detect and transmit the data 
needed for measuring lactic acid content in a solution.  While these were exciting results, there is 
future work to be done before this sensor would be commercialized.   
 To prepare for commercialization, more repeatability testing will need to be performed, 
along with verification of calibration curve slope.  These sensors are created with the intention 
that they are interchangeable into a wearable wristband or clothing item.  This interchangeability 
is an important feature because the sensors have a limited number of times they can properly 
detect the desired characteristic, which in this case is lactic acid concentration.  Repeatability 
testing will help to determine how long a sensor can be used by an athlete prior to sensor 
disposal.   
 Additional lab testing to further optimize this sensor could be to experiment with the 
amount of carbon used during the vacuum filtration process.  The amount of carbon used in these 
experimentations was that which was used in previous development of this sensor.  However, 
this would be an important variable to optimize so the actual amount of carbon needed can be 
determined.  This information will help to possibly reduce the amount of carbon used during 
sensor manufacturing and would decrease the overall required raw material amount.  
Additionally, the optimization of the carbon amount used could also help to make the sensor 
more enjoyable to wear.  The current amount of carbon used for sensor production results in the 
sensor having a completely black appearance due to the carbon build up.  This build up can then 
be easily transmitted onto the skin through the use of the sensor.  Thus, the optimization of the 
carbon amount used during sensor production could decrease raw material needs and result in a 
more pleasant user experience.   
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 Furthermore, aside from future optimizations of the sensor, there are additional testing 
trials that will need to be performed prior to commercialization.  These additional testing 
methods have been developed in conjunction with the production of the sodium sensors 
previously designed by RooSense.  Some of these testing methods include tensile testing which 
measures the strength and durability of the sensor.  Another test, which may be one of the most 
important testing methods to prepare the lactic acid sensor for commercialization, is body 
testing.  This testing requires the sensor to be used on human subjects as they work up a sweat.  
This test will ensure that the sensor has the ability to detect the concentration of lactate found in 
the sweat.  Additionally, this will help to determine the range the sensor is able to detect.  
Ultimately, being able to detect a range of lactate concentrations is very important because this 
will play a critical role in the determination and customization of workout plans.   
As there are so many steps involved in new products, from idea conception to 
commercialization production, there is still more work to be done on this lactic acid sensor.  
However, the work performed through this project has helped to lay the groundwork such that 
now sensor optimization can begin, putting this project one step closer to production.   
Conclusion 
Ultimately, this project was both innovative and exciting.  The tools and procedures used 
to make these sensors are cutting edge resulting in an incredibly powerful and original sensor.  
The sensors currently being developed by RooSense are highly desired and sought after due to 
their ability to measure fitness parameters that have not been able to be measured commercially 
before.  Their development combines a comprehensive understanding of biology, 
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electrochemistry, and athletics to measure unique desired fitness parameters.  Thus, these sensors 
have the ability to truly make a difference in the athletic and wearable technology market spaces.   
There were many obstacles faced along the way, but these roadblocks helped to shape the 
direction of the project and resulted in successful sensor production and testing procedures.  
Additionally, these obstacles demonstrated and mimicked real-world experiences which resulted 
in better preparation for industry.  The developed procedures now have the ability to be 
referenced for years to come which will help push this product closer to production and 
commercialization.   
This project has been a tremendous capstone to conclude the studies of chemical 
engineering at The University of Akron.  Information obtained through many of the required 
chemical engineering classes culminated into the skill set needed to complete this project.  For 
example, fundamentals from Process Economics were utilized to understand the economics 
involved to produce these sensors.  Additionally, Chemistry and Electrochemistry were valuable 
classes for the completion of this project.  These classes helped in both the fundamental 
understanding and testing of the sensor.  Biology and the understanding of cellular respiration 
was also vital to understand the need and use of the sensor.  Finally, the chemical engineering 
Process Design classes gave production perspective which was needed in manufacturing 
considerations.  Through the completion of this project and the classes in the chemical 
engineering curriculum, a full understanding of the chemical engineering industry has been 
obtained.  These learnings have resulted in industry preparedness and knowledge that will be 
utilized for years to come to build fulfilling and rewarding chemical engineering careers. 
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Appendix A: Raw Data 
  
 
Figure 16 depicts the raw data of how current changes with voltage at different concentrations of lactic 
acid for the 12/13/2019 sensor. 
 
Figure 17 depicts the raw data of how current changes with voltage at different concentrations of lactic 
acid for the 12/17/2019 sensor. 
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Figure 18 depicts the raw data of how current changes with voltage at different concentrations of lactic 
acid for the 12/19/2019 sensor. 
 
 
Figure 19 depicts the raw data of how current changes with voltage at different concentrations of lactic 
acid for the 1/6/2020 sensor. 
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Figure 20 depicts the raw data of how current changes with voltage at different concentrations of lactic 
acid for the 1/16/2020 sensor. 
 
Figure 21 depicts the raw data of how current changes with voltage at different concentrations of lactic 
acid for the 1/30/2020 sensor. 
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Figure 22 depicts the raw data of how current changes with voltage at different concentrations of lactic 
acid for the 2/18/2020 sensor. 
 
Figure 23 depicts the raw data of how current changes with voltage at different concentrations of lactic 
acid for the 2/26/2020 sensor. 
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Figure 24 depicts the raw data of how current changes with voltage at different concentrations of lactic 
acid for the 3/5/2020 sensor. 
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Appendix B: Statistical Analysis 
Table 2 depicts the groups used in the ANOVA analysis. The groups were defined based on changes made 
during the sensor production.  The values in each group are resulting slope values of the calibration 
curves that were constructed. 
 
 
Figure 25 shows the results of the ANOVA statistical analysis performed.  The highlighted cell shows the 
resulting p-value, indicating there was not a significant difference in the average slopes between the 
groups. 
 
